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Abstract 
The role of innovation within businesses has grown tremendously over the decades, especially the use of 
information technologies that spans across a range of applications. The cost of technology is descending 
exponentially with time, leading to a fall in implementation costs, which consequently pushing more 
technologies within the reach of small and medium enterprises (SMEs). One such case is the new state of 
art technology which is becoming the innovative tool in new product development (NPD) in various 
sectors; immersive 3D visualisation.  
 
This technology has the potential to provide a distinctive advantage for business to continue as or become 
a leading player in their industry. As the pioneering technology can be integrated in NPD processes, or 
facilitate comprehension of complex information, as well as used in simulation, planning and training. 
Despite its huge potential in streamlining the innovation processes of companies, the adoption of the 
technology is not without risks in traditional areas such human resources and getting the expected returns. 
On the other hand, such risks can be mediated through careful planning and management, where the 
successful adoption of the technology can catapult the companies ahead of competitors. However, with 
the resource constraints and the current economic slumps, SMEs risk too much emphasis on short term 
savings and lose out on the long term to larger companies, which could have a detrimental effect on their 
own market place and survival. Furthermore, the ever-changing technology expectations of  subsequent 
generations provides further pressure for companies to implement new technologies that can facilitate the 
innovation processes.  
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1. Introduction 
Innovation is considered to be one of the most important engines for a company growth, and 
successful innovation can propel a company forward in its sector. A new emerging technology; namely, 
immersive 3D visualisation is a modern tool to create a 3D visual feedback of a virtual/simulated 
environment/object for a range of purposes [1], [2]. These systems have been useful in cutting the cost 
and time in product development phase [3]; allowing companies to introduce their new product into 
market faster, thus improving the success of new innovations [4]. However, final adoption and 
implementation of a new technology into a company strategy is not without challenges, especially for 
SMEs.  
Although many product development and design departments in companies may prefer to use an 
immersive visualisation technology, where a high level of realism and details can be provided in an 
immersive environment, there are still many concerns regarding the adoption of such a system. From a 
financial point of view, the requirement to purchase the necessary equipment in order to achieve high 
immersive visualisation experience could represent a large percentage of the company’s expenditure; 
therefore the company must be confident that the return on investment is feasible. One crucial criterion in 
maximising the benefit from investing in a new/improved visualisation system is acceptance. It is 
believed that ‘Computer systems cannot improve organizational performance if they aren’t used’ [5], the 
same logic can be applied to various types of technology, including 3D immersive visualisation systems, 
where research has shown that lack of user acceptance could even result in loss of investment and 
resources [6]. Therefore, it is critically important to evaluate the acceptance of a new technology or 
system before introducing it to the workforce to avoid making unnecessary losses and hopefully 
maximising its potential through utilisation.  
While it can be argued that the acceptance of immersive 3D visualisation technology could be similar 
to other technologies, other researchers confirm that the application and requirements of certain 
technologies can vary greatly, leading to differences in the factors of acceptance based on the technology 
type [7], and therefore to successfully introduce an immersive visualisation technology, it is important to 
understand which factors are relevant in its acceptance. This research study focus on the implementation 
issues that face SMEs, along with the acceptance concerns which should provide a crucial analysis of the 
innovation management issues within SMEs with regard to immersive 3D visualisation systems.  
 
2. Literature Review  
2.1. Technology Acceptance  
From a range of literatures in the Information Technology (IT) field, technology acceptance or its 
acceptability can be summarized as the degree of likelihood of a new technology to be approved by the 
individuals or groups [5], [8], [9]. There are many models that explain the factors within decision making 
and technology acceptance, which were later compiled in Unified Theory of Acceptance and Use of 
Technology (UTAUT) model and tested for validity of their individual characteristics by Venkatesh et al. 
[8]. The UTAUT comprises of four core determinants of intention and usage: performance expectancy, 
effort expectancy, social influence, and facilitating conditions, as opposed to the original 32 main effects, 
as well as four moderators: gender, age, experience and voluntariness of us.  As the UTAUT combines 
key elements of several influential technology acceptance models, it is much more comprehensive in 
explaining the acceptance and has been empirically tested with the variance in intention (R², coefficient of 
determination) accounted for 70%.  
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2.2. Strategic Acceptance  of Immersive 3D Systems 
The introduction of a new technology within a company will not only affect the individual users; 
which many of the technology acceptance models have focused on, but stakeholders as well. Also, the 
decision making process within the organisation is likely to be influenced and consequently manipulate 
the perceptions of individuals. One of the most common motivations for companies to invest and 
implement new technologies is to gain more return out of initial investment [10]. The perceived benefits 
may include areas such as improving profitability either through increased work efficiency, productivity, 
quality and/or cost reductions in the long run. Although research has shown that increased productivity 
and consumer value does not automatically lead to increasing profitability after an IT investment [11].  
Generally, it is expected that the long term benefits of innovation implementation should outweigh the 
risk involved for managers to accept the technology into the company’s processes [12].  
Another determinant is the risk involved and the how much risk the decision makers are likely to 
accept [13]. As with most investment decisions managers make, there will be a level of uncertainty where 
the probability of the outcome can be either known or unknown. One of the risk in investing in new 
technologies would be that the expected outputs are not achieved [7], resulting in financial and time 
losses. Some of the pure financial techniques have been applied in risk analysis to support companies 
investment decisions making process, i.e. CAPM (Capital Asset Pricing Model), can be very complicated. 
The resource and knowledge needed to get the necessary data for accurate modeling could be unfeasible 
for SMEs companies. Another consideration would be the effect on employment and personnel 
management should the decision to invest went ahead [14]. Depending on the nature of the new 
technology and its intended purpose, there might be changes in the skills and knowledge required to 
operate the new system. Consequently, some jobs might become redundant which could affect the 
motivational level of the remaining employees [15].  
Thus, effective management of such challenges will be required for successful introduction of 
innovation. In addition, if the change is likely to turn out costly and time consuming for the company, 
either in terms of loss of productivity during the change or the cost of recruiting and training employees 
to the standards required, then it would also affect the acceptance of the new technology. Similarly, any 
effects on the employee’s health may result in new health and safety rules and regulations that need to be 
imposed in accordance to the government regulations, and such implementations may result in further 
costs [16]. Further, if the new system will need maintenance or regular inspections, SMEs companies may 
categorize that as an expensive commitment. Also, it is more likely for the supplier to provide some after 
sales service to its customer; therefore the level of support can play a vital role in technology 
implementation. 
 
3. Methodology 
3.1. Measuring Acceptance 
On an individual user level, a form of experimental research method will be used to assess the 
influence of the factors on acceptance. The UTAUT model was identified as one of the most 
comprehensive models in explaining technology acceptance, and here it formed the basis of the areas that 
will be explored within this experiment with additional constructs as illustrated in next section. The 
participants will be given a chance to try out an immersive 3D visualisation system whereby their 
response and views will be recorded before and after system demonstration which provides first-hand 
experience and further understanding of the capability of the technology. The constructs covered in the 
experiment are shown in fig. 1.  
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In order to give their personal perception and opinion, participants will rate each statement on the 
questionnaires on a Likert scale, where 5 shows the strongest agreement with the statement, 3 neutral, and 
1 to 2 indicate disagreement.  
3.2. Hypothesis 
In relation to Venkatesh’s research, hypothesis H1, H2, H4 and H5 are made. Other research using 
additional constructs also found relationship with behavioural intention that were not included in the 
UTAUT [17], thus the additional constructs will be measured in this study as well in an attempt to 
identify any further relationships.  
The following hypotheses are made; some hypothesis (e.g. H1a and H2a) will be repeated for different 
constructs to measure any changes in their relation with behavioural intention.  
x Hypothesis 1: Performance Expectancy  
o H1a: Significant positive relationship with behavioural intention to use the system. 
o H1b: Gender and age have significant influence. 
o H1c: Experience has a significant influence. 
x Hypothesis 2: Effort Expectancy  
o H2a: Significant positive relationship with behavioural intention to use the system. 
o H2b: Gender, age and experience have significant influence. 
x Hypothesis 3: Attitude Toward Use 
o H3: No significant relationship with behavioural intention to use the system. 
x Hypothesis 4: Social Influence 
o H4a: Significant positive relationship with behavioural intention to use the system. 
o H4b: Gender, age and experience will have a significant influence. 
x Hypothesis 5: Facilitating Conditions 
o H5a: No significant relationship with behavioural intention to use the system. 
o H5b: Age and experience will have a significant influence. 
x Hypothesis 6: Self-Efficacy 
o H6: No significant relationship with behavioural intention to use the system. 
x Hypothesis 7: Anxiety 
o H7: No significant relationship with behavioural intention to use the system. 
x Hypothesis 8: Behavioural Intention 
o H8: Increase in average intention to use the system after the demonstration. 
3.3. Industry Interviews  
 As mentioned within the literature review, the acceptance model modified from the UTAUT [8] 
focuses on technology acceptance on an individual user level. However, to gain views from a strategic 
level, interviews with individuals who have or had decision making power within SMEs that uses 3D 
visualisation systems will be conducted. In addition, the interviews will look further into the facilitating 
conditions (FC) and its perceptions with potential users, the interview areas covered are: 
Figure 1: Experiment Research Areas 
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General Information: 
x Main uses of the system and  requirements of the system 
Facilitating Conditions: 
x Trainings and support, knowledge & skills required. 
Strategic Issues within SMEs: 
x Funding, decision making processes, change management, market conditions 
4. Analyses and Results 
There were a total of 71 participants across 15 sessions where each had between 4 to 8 participants at 
once, however only the response from 69 participants will be used as 2 participants did not complete all 
questions. Within the 69 participants, 54% were male and 46% female. 38 participants were in the 
science/technological group and 31 were in the social sciences/humanities group.  
4.1. Individual acceptance  
The reliability of each group is tested using Cronbach’s Alpha, Performance Expectancy (PE), effort 
expectancy (EE), attitude toward use (AT), social influence (SI), self-efficacy (SE) and anxiety (A) have 
good reliability alphas for both before and after demonstration. The reliability of facilitating conditions 
(FC) and behaviour intention (BI) are uncertain; although the alpha values seem to have increased across 
all groups after the demonstration, however, these forms the base for further investigation and future 
research.  
4.1.1. Correlation analysis 
 
Using the Spearman’s Rho, PE, EE, AT, SI and SE all has a significant relationship with BI. The 
relationships were all stronger after the demonstration, particularly FC, which was not classified as 
significant before the demonstration. It seems that anxiety (A) showed almost no relationship with BI in 
both questionnaires. As expected, age showed no correlation between any other factors due to lack of 
participants representing a wider range of age group. There also seemed to be a lack of clear correlation 
of PE and SI between any of the moderating factors, contrary to the UTAUT model. There is also no 
significant relationship between AT and the moderating factors.  The increase of relationship between FC 
and BI seems to be attributed to the influence of knowledge and experience, as the demonstration would 
have increased both factors, and FC seems to have a strong correlation with related moderating factors. 
Similarly, where correlations with BI have increased the most after the demonstrations are AT and EE (as 
shown in table 1), indicating a higher influence from knowledge and/or experience.   
Table 1: Change in correlation with BI 
Rank Constructs Correlation before demonstration Correlation after demonstration Change in value 
1 AT 0.316 0.68 0.364 
2 EE 0.241 0.494 0.253 
3 FC 0.227 0.407 0.18 
4 SE 0.254 0.404 0.15 
5 SI 0.5 0.616 0.116 
6 PE 0.556 0.665 0.109 
A summary of the findings and hypothesis results are shown in table 2. Since there was not enough 
representation from a broad age group, the hypothesis regarding age could not be measured. 
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Table 2: Hypotheses findings 
 
Based on the major findings and analyses on the individual acceptance of immersive 3D systems, 
figure 2 shows a modified UTAUT model. Experience here encompasses computer proficiency, prior 
experience, gaming experience and the effect of the demonstration. The model shows the constructs that 
can help predict BI and usage behaviour, with two main moderating factors, gender and experience that 
influences the constructs. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Modified UTAUT model for immersive 3D visualisation systems 
Hypothesis Finding comment 
H1a True There is a strong positive correlation between PE and BI for both before and after the 
demonstration. 
H1b: False There was no significant influence found from gender on PE and  
H1c True Group with no experience has the highest PE before and after. PE increases incrementally as 
experience grow. 
H2a True There was a significant correlation with BI which increased after demonstration. 
H2b True Female participants have lower EE, and EE increases from group with low experience to 
high experience level. 
H3 False There was some positive correlation between AT and BI, which increased after 
demonstration. 
H4a True There was a significant positive correlation with BI before and after demonstration.  
H4b False There was no significant influence on SI from the moderating groups. 
H5a Inconclusive Although no correlation before demonstration, there is a stronger link afterwards.  
H5b True The demonstration had a strong effect and correlation on FC, which could relate to 
experience as well as knowledge. The prior experience also had a significant correlation 
according to appendix 5 and 6. 
H6 False Significant correlations which increased after demonstration. 
H7 True No significant relationship with BI. 
H8 Inconclusive BI did not increase significantly after demonstration on average, but it did for several groups 
of participants. 
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4.2. Strategic and market issues 
The strategic implications of acceptance and implementation were covered from both the 
supplier/provider and customer/client sides from the interviews.  
4.2.1. Supplier Side 
 
Supplier of immersive 3D systems can range from large internationals to SMEs, where the systems are 
adapted and integrated depending on the client requirements. The challenge for suppliers mainly lies in 
getting the initial contract for a new project, where the customer base can be very limited in some 
industries. Large international automotive companies have a global reach and access to suppliers from a 
range of locations. However, one area of growth may lie within the entertainment sector, where the 
increasing trend towards 3D visualisations is becoming more visible in both the media (i.e. growth in 3D 
films and games) and consumer electronic market (i.e. 3D TVs). However, the development within the 
wider consumer market is still at an initial stage of acceptance, where the technology is viewed more as a 
novelty than requirement.  
Cost still pose as a major concern, especially where the 3D content is still limited. However, future 
development in hardware and software could dramatically cut cost to implementation and more contents 
become available in 3D, raising the expectation of 3D visual feedback in more areas, providing further 
opportunities for suppliers. To exploit this trend, suppliers should increase public awareness of the range 
of hardware available and the capability of the systems, as well as target marketing adapted according to 
customer base and requirements [18]. Although for SME suppliers, the limited resources of expertise in 
areas such as marketing and financing would pose a threat in future growth and expose them to risk of 
market share taken up by large international providers.  
4.3. Client Side 
The current clients are mainly large automotive companies, where the SMEs within similar industries 
continue the heavy reliance on traditional physical prototyping (i.e. clay models). For further growth, 
SMEs would need to improve their competitiveness and compete for a wider customer base. Thus, they 
may be required to adopt similar technologies used within larger companies, i.e. immersive 3D 
visualisation systems, to be incorporated in the design and development stages.  The cost of the system 
tends to be perceived as very high, which to an extent is true, however, managers may overlook the range 
of other options that may still meet the needs of the company. Suppliers already provide alternative 
systems at low price or large systems for rental, and along with the support provided throughout the 
implementation stage. However, due to the very low rate of SME it is possible that the main challenge of 
adoption in SMEs still lies in the acceptance on a managerial level.  
Within the manufacturing or design focused SMEs, the time and resource for such assessment may not 
be available, thus the company could be trapped in a perception that was based on limited information. 
Such perception could also be found in industries (SMEs and large firm) that do not traditionally use 
immersive 3D systems.  
External support is required to facilitate the growth and acceptance on new technologies in SMEs. The 
government funded research institutes have to an extent facilitated in the awareness of immersive 3D 
systems, and research into its applications in wider fields [1], [2], [18]. Public research institute and 
universities provides the support to bridge the knowledge gap between the suppliers and potential clients. 
However, such support require large funding which may not always be available especially within the 
current economic climate, where there are growing issues in government borrowing and existing debts.  
Research funded by large companies may help to fill the gaps, and even if not all findings are 
disseminated to public through publications, conferences and other channels. However, the benefits could 
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still eventually trickle down to smaller companies. Although for innovative technologies that are already 
adopted by large companies, but still limited to SMEs, government support could provide the crucial push 
to help smaller companies not to lose out on the benefits. For instance, the visualisation research within 
WMG is supported by the AWM and ERDF, providing access to the state-of-art immersive 3D 
visualisation systems, as shown in figure 3, at no cost to SMEs, in order to stimulate regional economical 
growth and increase competitiveness.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
4.4. Discussion  
From the data analysis and interviews, the high expectations of the system were understood by many 
people, especially those who work in certain industries. For instance, cutting down the number of 
physical prototype during the new product development stage through the use of interactive and 
immersive 3D technology can improve the time required to introduce a new product to market and 
hopefully earlier profit gains as illustrated in figure 4.  
  
 
 
 
 
 
 
 
 
 
 
 
  
  
 
Figure 4: Effect of utilising 3D systems on time to market the profit 
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Figure 3: Using the immersive 3D visualisation facilities at WMG, The University of Warwick, for design 
review of Bowler’s first on-road supercar 
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However, the challenge lies in the difference in the perceived implementation cost and the choices 
available from suppliers. This could be due to the fact that, the technology is not a set of clear defined 
hardware, software and accessories, but rather a customised one where it could vary dependent on target 
objectives needs to be met. This difference could be reduced if the SME managers are better informed, 
and able to have a detailed analysis of the system’s capability in relation to their company industry, 
culture and process.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Since the financing is limited for most SMEs, the role of the government and external funding would 
be crucial in providing SMEs the opportunity, experience and understanding required to make a more 
informed decision in implementing innovation. SMEs can also have noticeable skill shortages, and may 
be overwhelmed by the level of training required for a state-of-art technology. This fear can be eliminated 
by the support from system providers. On the other hand, SMEs can recruit and train employees who 
already have a high acceptance of innovation to make trainings easier and improve utitlisation. Figure 5 
illustrates the major ingredients for SME acceptance, where many of the factors shown would apply to a 
range of companies, where the role of the external and government support can have a more influence in 
SMEs.  
 
Figure 6 shows the stages required achieving final acceptance within a company, and adopting a new 
technology without covering all/almost stages may lead to more challenges ahead.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Stages and process to strategic acceptance 
Figure 5: Factors in SME acceptance and implementation of new technologies 
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5. Conclusion 
This research study provides insight into acceptance of innovation, immersive 3D technology, on a 
strategic and user level, and explored the issues within the management of implementation. Key issues for 
consideration on a strategic level include Return on Investment (ROI), relatives to the risk involved, cost, 
and HR concerns. When considering the SMEs, the cost of the system may pose one of the greatest issues 
in implementation as a result of limited SMEs resources.   
Large investments of innovation and technology are not viewed as cost effective without a good 
understanding of its value demonstrated by past success. With low risk strategy of trying a proven 
formula, competitive advantage and increasing profit margin could be missed. Therefore, for SMEs, 
external support can be crucial in encouraging the adoption of technologies. A strategic partnership 
between research institutes and local companies may help to pool the resource required to understand the 
innovation and technology integration process. 
In addition, the findings have indicated the influence of experience and knowledge on the factors that 
relates to acceptance on an individual level as well, which means that initial trainings and demonstration 
to increase exposure to potential users could also help gain greater acceptance; such approach may also be 
applied to senior management to help gain support at various levels in the organisation. 
 
Acknowledgement 
This work is carried out as part of the Metrology and Visualisation Centre of Excellence Research 
centre part funded by Advantage West Midlands (AWM) and the European Regional Development Fund 
(ERDF). The authors would like to acknowledge the help of these two organizations in the funding of this 
research. 
The authors also would like to thank Mr. Paul Anderson, Program Manager at Bowler Limited and Mr 
Paul Hetherington, Visualisation Specialist and Director of Netcomz Consultancy, for their valuable 
insight and contribution into this research study.    
References 
[1] Abulrub, A.G., Attridge, A. and Williams, M.A. ( 2011). Virtual Reality in Engineering Education: The Future of Creative 
Learning, International Journal of Emerging Technologies in Learning, iJET, Vol. 6, No. 4.  
[2] Abulrub, A. G., Kumar, J., Attridge,  A., Mallick, K.K. and Williams, M.A. (2011) Virtual Reality for Visualisation of Complex 
Macrostructure, IEEE International Symposuim on Virtual Reality Innovation (ISVRI), March 19-23, Singapore, Singapore. 
[3] Choi, S., & Chan, A. (2004). A virtual prototyping system for rapid product development. Computer-Aided Design, Vol. 36, No. 
5, pp. 401-412. 
[4] Schewe, G. (1994). Successful innovation management: An integrative perspective. Journal of Engineering and Technology 
Management, Vol. 11, No. 1, pp. 25-53. 
[5] Davis, F. D., Bagozzi, R. P., & Warshaw, P. R. (1989). User Acceptance of Computer Technology: A Comparison of two 
Theoretical Models. Management Science, Vol. 35, No. 8, pp. 982-1003. 
[6] Lee, J., Cho, H., Gay, H., Davison, B., & Ingraffea, T. (2003). Technology acceptance and social networking in distance 
learning. Educational Technology & Society, Vol. 6, No. 2, pp. 50-61. 
[7] Im, I., Kim, Y., & Han, H.-J. (2008). The effects of percieved risk and technology type on users' acceptance of technologies. 
Information & Management, Vol. 45, No. 1, pp. 1-9. 
[8] Venkatesh, V., Morris, M. G., Davis, G. B., & Davis, F. D. (2003). User Acceptance of Information Technology: Toward a 
Unified View. MIS Quarterly Vol. 27 No. 3, pp. 425-478. 
[9] Turner, M., Kitchenham, B., Brereton, P., Charters, S., & David, B. (2010). Does the technology acceptance model predict actual 
use? A systematic literature review. Information and Software Technology, Vol. 52, No. 5, pp. 463-479. 
[10] Coyle, K. (2006). Technology and the Return on Investment. The Journal of Academic Librarianship, Vol. 32, No. 5, pp. 537-
539. 
314   Abdul-Hadi G. Abulrub et al. /  Procedia - Social and Behavioral Sciences  41 ( 2012 )  304 – 314 
[11] Hitt, L. (1996). Productivity, Business Profitability, and Consumer Surplus: Three Different Measures of Information 
Technology Value. MIS Quarterly, Vol. 20, No. 2, pp. 121-142. 
[12] Kauffman , R., & Weill , P. (1989). An Evaluative Framework for Research on the Performance Effects of Information 
Technology Investment. Boston: Information Systems Working Papers Series IS-89-83, pp. 1-19. Center for Research on 
Information Systems, New York University. 
[13] Lefley, F. (1997). Approaches to risk and uncertainty in the appraisal of new technology capital projects. Int. J. Production 
Economics, Vol. 53, No. 1, pp. 21-33. 
[14] Northcott, J., Fogarty, M., & Trevor, M. (1985). Chips and Jobs: Acceptance of New Technology at Work. London: Policy 
Studies institute. 
[15] Bordia, P., Hobman, E., Jones, E., Gallois, C., & Callan, V. (2004). Uncertainty during Organizational Change: Types, 
Consequences, and Management Strategies. Journal of Business and Psychology, Vol. 18, No. 4, pp. 507-532. 
[16] Bateman, B., & Wetherbe, J. (1978). Cost Analysis of Computer Maintenance Contracts. MIS Quarterly, Vol. 2, No. 4, pp. 15-
22. 
[17] Marchewka, J. T., & Liu, C. (2007). An Application of the UTAUT Model for Understanding Student Perceptions Using 
Course Management Software. Communications of the IIMA, Vol. 7, No. 2, pp.93-104. 
[18] Abulrub, A.G., Liu, M.. and Williams, M.A. ( 2011). Marketing Analysis and Strategies for Innovative Consumer 3D Products, 
to be submitted. 
 [19] Korves, B., & Loftus, M. (2000). Designing an immersive virtual reality interface for layout planning. Journal of materials 
Processing Technology, Vol. 107, No. 1-3, pp. 425-430. 
 
